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Fig. 1 Schematic drawing of the chamber pressure simulator
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30 6
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Fig. 2 Two dimensional axisymmetric finite element modeling (FEM) and meshing for tank with vent
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Fig. 3 Comparison of simulation and theoretical results for mass flow rate
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Table 2 Parameters of propellants
EHYES  p/(geem ) f/(k]kg ) w n 2¢;/mm  D,/mm  d,/mm

4/7 1. 55 980 6.6>X10" % mes 'Pa " 0.752 0.53 2. 60 0.15
18/1 1.55 950 0.707 mmes '*MPa ™" 1. 056 1. 84 — —




1186 5% 1 5 i B %38 &

6 S HE AL EAR R 2 B S .

6 ma b, d#=E S mm i, EEEHKE .
258.7 MPa, FFE T 13.7 % .14 R FI B I i 3% 4 51 P
N 92.3 MPa/ms.87. 8 MPa/ms; 24 d ¥ £ 9 mm % 140
B, W J1 R % 220. 4 MPa, FF& T 26.4%, 8% o
IR R 3 R 451 R 68.5 MPa/ms.59. 8 MPa/ms,
AR S HESAL AR Y /0N i A2 Ak B 0 R 0
A BZEFEWR R AE R ) I R L HE R AR
AR RHRe hE fiE & 6 ARHEALE R T R T4k

Fig. 6 Pressure curves with different vent diameters

2.2 LIGISIE

B UE S 90 He T — AR S AT . LI RS B E | N IUE S GRS SR
RGEME KR REAN B 7 LR RELYE . RG0S LS W sh B, AR
PR AR T LT Y S 2 6] 38 R R S s T S AR N R AR % R A L S A DY
A B2 R IR SRR IR A LN 8 B . 34 R 1 86 AN BE RUSCE R L B 1 IR S
FE 340 A AR BT, [ 7 (8 22 3% Fe Jy A4 ke . R i BB gr Be 42 K 40 31 54 mm .55 mm,
HME KSR 112 mm 150 mm, HEAFAME JEEE SR 42 mm 12 mm, R I M P RIR A M72 X
4 WA E R 35 mm B PR AE TR ) 2R A 19 55 UIVE ST G . S50 v, (o S R =X 3 R ) A% B A
58 SYC-4000, B 400 MPa, LTI 2 pns LA . 2B, by B 1k A% SRR T 458 1ok, 76 2 3 L PN TR 4K

fiE g

Upper seat Stops
|t a1 ‘ g

W, vaaie ! — )
b / , —J - L
2 : Chamber
0gnitor \ pressure

Connected to —— simulator

pressure

meassurement L l _ \l\

Systern Ower seat T Test bed

K7 Siue R K [ 8 Jht s 5 400 2 22 2 s T IR
Fig. 7 Photo of experimental setup Fig. 8 Installation of the chamber pressure simulator

JER AR PAY ST i B DRIE TR A 2 BN S T
Jhi P AL 28 B T AEPERE . RUKR G 5 g RUKIR T
10 MPa, I 2550 25 g R 45 g, 20 AT IR S
SRR AN 9 Fron . i 9 Al UL, 2 2 AT R A
JESy M2 5 B R AF RO A 4 HLS R M 2k — 50 3%
Wi J F AR AU e B AR AR ) B S ST R R AL
URTSE T 000 A A B 2 80T 9 TR ) il £

T T T T

——Theory
- - - -Experiment 1
=e=ess Experiment 2 |

%%%ﬂ‘j 25gﬁq‘?i%“’%ﬁﬁiﬁy‘j 95. 3 MPa, 0 5 3 : 9 ' 15 : 15
101. 1 MPa, P UE{HE Ik 98. 2 MPa, 5 ¥ iE{H t/ms
(103. 2 MPa)fii 2= 4. 84 %0 ; ke 2 4 & 45 g W), 1 B S sE g

JFE = 5T 5, iy/ﬁm%ﬁ}‘l?jji’ﬁ 285. 7 MPa, Fig. 9 Experimental results



% 6 4 A — AU R A 1187

302.5 MPa, FH¥IE(H K S1i5 5] 294, 1 MPa, 5#{E{H (299. 6 MPa) 2 1. 84 %, XA F| T M sk,
YO NE T LAHERC & St 253 5 2R 400 e i il R S T AT Y

3 & i

P T — b s 7 A P A S 2 K e [ e i SR 24 SAA E HE S HE D Y b R AR AR L SE L T AR S
R TR T L R RO AR AR 5 S BR AR B i 2. ke B S5 A TR B IR BN AR AR AR R AT AT
UESL IR 25 5 AF B LR 4598 .

(1) F256 He 7 ith 26 5 BS (A — 50, B BR IE B, [F] B 5206 45 A B4 09 8 5 Pk AU 8 TAERR
SE  ATEEME

(2) 43 PR R R I 25 W5 RN BT i HE AL B AR R AR 25 FR, WA OB HUUAS () 10 438 M Jht e 722 Ak R
38 TR, S R A T TR B8 R R e} i 4804y el R PE B SR AR T 2%,

R A2 AR AL L 3 Y A 3 U e R DA ) B AR L g B B B Bl L R N — D W B
e ]

S

(1] sk &, SOy A REE 5 9 BORBI L[ D], B 50« g 508 TR % ,2002:40-45.

(2] RSB0, ERAF 8 E AR. M s DU S R 1 3l 2 i S B [T, B 2441, 2005, 17(2) 1 13-18,

XING Enfeng, QIAN Jianping, ZHAO Guozhi. A dynamic model and its experiments on simulating the shoot of
ammunition[J]. Journal of Ballistics, 2005,17(2):13-18.

(3] AWM, 302, i B B0 JCB e iy B AT . SR B MR 25 B 4 4k . 1992, 13(2) : 187-194.

REN Shumei, MA Wenjing. Design and application of simulator with known bore pressure in the a acceptance of
the bottom top[J]. Journal of North University of China, 1992,13(2):187-194.

(4] sk A SR AT, 45, T B350 IR 1 MR SBL I 3o SO ol % B (). 4RI 5 4 5 4 . 2012,34(6) : 35-39.
ZHANG Yu, ZU Jing., ZHANG Hongyan, et al. Calibration apparatus for artillery chamber pressure test device
based on environmental factors[J]. Journal of Detection and Control, 2012,34(6) :35-39.

(5] &M AemNsE M. Jbat . Jb a0 8T R % At . 2004 :11-31;281-288.

(6] SRR, A KRI, B, 55, M YIS HESE BB AR e TH 3 4 A [T ], 55 T4 4 . 2011, 32(5) :526-531.

ZHANG Lingke, YU Yonggang, LU Xin, et al. Calculation and analysis on the combustion characteristics of a
base bleed unit in the gun bore[J]. Acta Armamentarii, 2011.32(5):526-531.

(7] B8 /g, i e R, o R S e A PRI SO AR P LT ], 22 N3 TR 2224 . 2010, 3(3) : 42-46.

YANG Gang., XU Xiaowei» GAO Longlong. Characteristics of isovolumetric charging and releasing of high-pres-
sure gas[ J]. Journal of Lanzhou University of Technology, 2010,3(3) :42-46.

(8] MWWLL. 25 8% U< ad T m BB AL 0L e A ) A B BF 58 (D, Bl . ¥ A K%, 2007 : 35-42.

(9] TRDHEGR - 2 JUBH L W3 9 A5 4 3800 T 038 40 O 0 AR R 5[0 ). MUK 5 9% . 2008, 36 (10) £ 33-37.
YIN Yaobao, LUO Jiuyang, CHEN Jieping, et al. Characteristics of high-pressure hydrogen transportation system
and gas cylinder of hydrogen fuel cell vehicle[]J]. Machine Tool and Hydraulics. 2008,36(10) :33-37.

(100 SRZ . ERMG . TR - 45 I HE2ZY 52 0 28 r B o A B (T ], M 252241, 2014, 37(3) : 78-81.

ZHANG Zhiming, WANG Jiapeng, ZHANG Yuan, et al. Load and its distribution of the base bleed charge[]].
Chinese Journal of Explosive and Propellants. 2014.,37(3) :78-81.

(11] B FDG PR B s A L 45, — T B0 [ R B AT 30 25 (9 S e 5 [0, K T8 . 2016 (1) :49-52,

LIANG Lei. YAN Guanghu, ZHAO Yuhua. et al. Experimental research on a new solid traveling charge of 30
mm guns[ J]. Initiators and Pyrotechnics, 2016(1):49-52.

[12] VRS BEHRIE A &, S5 T 245 24 30 45 4 X0 MR 3 05 2R 9 s e [ . 39038 % 42 . 2014, 26 (2) : 80-85.

WANG Junjie, HUANG Zhenya, HE Fei, et al. Influence of propellant structure on test results of burning rate
[J3. Journal of Ballistics, 2014,26(2) :80-85.



1188 5% 1 5 i B %38 &

A chamber pressure simulator with an exhaust element

WU Zhihui' . QIAN Jianping', NIU Gongjie®
(1. School of Mechanical Engineering , Nanjing University of Science and Technology ,
Nanjing 210094, Jiangsu, China;
2. Institute of Systems Engineering , China Academy of Engineering Physics ,
Mianyang 621999, Sichuan, China)

Abstract: In order to achieve the time-history curves of chamber pressure conveniently and efficiently
at the lab-scale and further to investigate the damage patterns of typical structures and materials dur-
ing transient high pressure in the chamber, a chamber pressure simulator with an exhaust element to
discharge the gas generated due to the propellant combustion in the vessel was developed. A mathe-
matical model which describes the working principle of the simulator was derived according to the pro-
pellant combustion theory and the isentropic flow model. The mass flow rate during the depressuriza-
tion procedure was attained using the software Fluent on the basis of the ideal gas hypothesis, which
was compared to theoretical results to determine the discharge coefficient. The performance parame-
ters of the simulator were designed optimally based on the characteristics of time-history curves of
chamber pressure for 76 mm and 155 mm guns and the miniaturization design principle. Optimization
results show that pressurization and depressurization rates are satisfactory., the peak pressure is about
300 MPa and the duration when the pressure is higher than 30 MPa is longer than 10 ms. Results of
verification tests present good repeatability and are coincident with theoretical results, which indicates
that the simulator works with high reliability. It is feasible to simulate time-history curves of chamber
pressure through exhausting propellant gas directly.

Keywords: exhaust element; chamber pressure simulator; discharge coefficient; chamber pressure

curve
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